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NATIONAL FOREWORD 

This Indian Standard which is identical with ISO 4599 : 1986 'Plastics — Determination of resistance 
to environmental stress cracking (ESC) — Bent strip method', issued by the International Organization 
for Standardization ( ISO ), was adopted by the Bureau of Indian Standards on the recommendation of 
the Methods of Test for Plastics Sectional Committee and approval of the Petroleum, Coal and Related 
Products Division Council. 

The text of ISO Standard has been approved as suitable for publication as Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention 
is particularly drawn to the following: 

a) Wherever the words International Standard' appear referring to this standard, they should be read 
as 'Indian Standard', 

b) Comma (,) has been used as a decimal marker while in Indian Standards the current practice 
is to use a point (.) as the decimal marker. 

In this adopted standard reference appears to certain International Standards for which Indian Standards 
also exist. The corresponding Indian Standards which are to be substituted in their place are listed below 
along with their degree of equivalence: 



International Standard 

ISO 178 : 1993 Plastics 

— Determination of 
flexural properties 

ISO 179 : 1993 Plastics 

— Determination of 
charpy impact strength 

ISO 291 : 1977 Plastics 

— Standard atmospheres 
for conditioning and 
testing 

ISO 294 : 1995 Plastics 

— Injection moulding of 
test specimens of 
thermoplastics material 



ISO/R 527:1966 Plastics 
— Determination of 
tensile properties 

ISO 2557-1 :1989 
Plastics — Amorphous 
thermoplastics— Prepar- 
ation of test specimens 
with a specified maximum 
reversion — Part 1 Bars 



Corresponding Indian Standard 

IS 13360 ( Part 5/Sec 7 ) : 1996 Plastics 

— Methods of testing : Part 5 Mechanical 
properties. Section 7 Determination of 
flexural properties 

IS 13360 ( Part 5/Sec 5 ) : 1996 Plastics 

— Methods of testing : Part 5 Mechanical 
properties, Section 5 Determination of 
charpy impact strength 

IS 196 : 1966 Atmospheric conditions 
for testing ( revised ) 



IS 8543 ( Part Ill/Sec 2 ) :1978 Methods 
of testing plastics : Part III Preparation 
of test specimens, Section 2 Injection 
moulded test specimens 



IS 8543 ( Part 4/Sec 1 ) : 1984 Methods 
of testing plastics : Part 4 Short term 
mechanical properties, Section 
Determination of tensile properties 

Nil 



Degree of Equivalence 
Identical 



do 



Technically 
Equivalent 



Not technically equivalent in 
all respects, However, this 
Indian Standard will be consi- 
dered for revision to align it 
with ISO standard as and 
when the revised version of 
ISO 294 : 1995 is available 

Technically 
Equivalent 
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Indian Standard 
PLASTICS — METHODS OF TESTING 

PARTS PERMANENCE/CHEMICAL PROPERTIES 

Section 9 Determination of Resistance to Environmental Stress Cracking ( ESC ) 

Bent Strip Method 



Introduction 

Stress cracking is exhibited by many materials, including 
plastics. When a plastic materia! is stressed or strained in air 
below its yield point, stress cracking may occur after a period of 
time which may be very long. The stresses may be internal or 
external or a combination of both. Exposure to a chemical 
medium simultaneously with the same stress or strain may 
result in a dramatic shortening of the time to failure. Cracking 
accelerated in this way is referred to as environmental stress 
cracking (ESC). 

Other modes of failure than stress cracking may result in the 
shortening of the time to failure in this test, but such modes are 
included in the term "environmental stress cracking" as known 
in the trade. 

The cracks produced may penetrate completely through the 
thickness of the material, separating it into two or more pieces, 
or they may be arrested on reaching regions of lower stress or 
different material morphology. 

The determination of ESC resistance is a complex procedure 
because it is influenced by many parameters, including : 

— test specimen dimensions; 

— test specimen state (orientation, structure, internal 

stress) ; 

— stress and strain ; 

— temperature of test; 

— duration of test; 

— test environnrient; 

— failure criterion. 

By keeping all but one parameter constant, the influence of the 
variable parameter on ESC resistance can be assessed. The 
main objective of ESC measurennents is to determine the effect 
of chemical media on plastics (test specimens and articles). The 
measurements may also be used to evaluate the influence of 
the moulding conditions upon the quality of an article, when 
the failure 'mode corresponds to that obtained in actual service. 

It may not be possible, however, to establish any direct correla- 
tion between the results of short-term ESC measurements on 
test specimens and actual long-term service behaviour. 



1 Scope and field of application 

This International Standard specifies a method for the deter- 
mination of environmental stress cracking (ESC) resistance of 
plastics by means of a constant prestrain test. ESC will be in- 
dicated by the change of a suitably chosen indicative property 
of specimens that have been prestrained for a definite time in 
the environment. The method of test is suitable for determining 
the resistance of sheets and of flat test specimens to en- 
vironmental stress cracking, especially the sensitivity of localiz- 
ed surface regions of specimens to ESC. 

For the determination of the ESC sensitivity of finished articles 
or the bulk of a material subjected to a constant strain, see 
ISO 4600. 

The bent strip method is suitable for the determination of ESC 
caused by gases and liquids as well as by solids containing 
migrating substances (e.g. polymeric adhesives and materials 
containing plasticizers) in contact with a specific polymer. 

Preferably, this method is used to determine the ESC resistance 
of rigid plastics with only moderate stress relaxation in time. 

For a constant strain test, refer to ISO 4600. For a constant 
stress test, refer to ISO 6252. 



2 References 

ISO 178, Plastics — Determination of flexuraf properties of rigid 
plastics. 

ISO 179, Plastics — Determination of Charpy impact resistance 
of rigid plastics (Charpy impact flexural tmxl 

ISO 291, f^astics — Standard atmospheres for conditioning 
and testing. 

ISO 294, f^astics — Injection moulding test specimens of ther- 
moplastic materials. 

ISO 527, f^astics — Determination of tensile properties. 

ISO 2557, Plastics — Amorphous thermoplastic moulding 
materials — f^eparation of test specimens with a defined level 
of shrinkage. 

ISO 2818, Plastics — Preparation of test specimens by ma- 
chining. 
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ISO 4600, Plastics — Determination of environmental stress 
cracking (ESCI — Ball or pin impression method. 

ISO 6252, Plastics - Determination of environmental stress 
cracking (ESC) — Constant tensile stress method. 



3 Definitions 

For the purpose of this International Standard, the following 
definitions apply. 



3.1 flexural strain, e^^ the nominal value of the strain in the 
extended surface of a flat test specimen of thickness d, bent 
over the segment of a circle with radius r, calculated from the 
equation 



^x = 



2r 



(See figure 1.) 



X 1001%) 




test s(5ecimen 

thickness of the test specimen 

former 

radius of former 

clamps 

nominal strain in the extended surface 



Figure 1 — Test specinrten P with defined strain in the 
outer surface 



3.2 prestrain value: One of a series of strain levels ^plied 
to successive test specimens during exposure. 



3.3 prestrain 

eluding zero. 

NOTES 



series: A number of prestrain values, in- 



1 Normally, the results of the mechanical test on test specimens with 
zero prestrain are equivalent whether determined in air or a medium. If 
the property measured after exposure to the medium at zero strain is 
different from that after exposure in air at zero strain, embrittlement or 
softening by the medium should be suspected. 



2 It is repoimmended that the test specimen for zero prestrain be 
clamped on to a flat former to prevent warping due to the effect of the 
medium. 



3.4 failure prestrain, £p: The lowest prestrain in 
prestrain series at which failure is observed. 



the 



3.5 indicative property, /: The property observed to deter- 
mine failure using a criterion given in the table. 



3.6 relative strain factor, M: The ratio of the value of 
failure prestrain determined in the test medium to that deter- 
mined in the reference medium (usually air) for the same time of 
exposure. 



3.7 prestrain period, /: The time during which the test 
specimens are in contact with the test environment while 
prestrained. 



3.8 prestrain temperature, T: The temperature at which 
the test specimens are in contact with the test environment 
while subjected to a strain. 



3.9 test environment: the chemical liquid, gas, paste, solid 
or other medium selected for contact with the test specimens 
during the prestrain period. 



4 Principle 

A test specimen suitable for the determination of the indicative 
property Is clamped with one of its faces over a former of cons- 
tant radius and brought into contact with the test environment. 
Due to the influence of the environment in the presence of 
strain, crazes may be generated which with time sometimes 
develop into visible cracks. 

By using a series of formers with decreasing radii one obtains a 
series of test specimens with increasing strains in the outer sur- 
faces. 

After the agreed duration of contact with the test environment, 
the test specimens are visually observed, undamped and 
assessed by mechanical or other test. The failure strain that 
corresponds to the failure criterion is obtained directly from the 
tabulated values or from a graph. 

The criteria usually determined are: 
— failure strain; 
-- relative strain factor. 

NOTES 

1 The maximum prestrain shall be less than the elongation at yield 
(ISO 527). 

2 The failure strains for different indicative properties may be dif- 
ferent. 
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5 Apparatus 



5.1 Formers, made from chemical-resistant material either 
by machining or by bending metal sheet (for example, stainless 
steel sheet). For test specimens 2 to 4 mm thick, radii of cur- 
vature of 30 to 500 mm are adequate. The arc of the former 
shall have roughly the same length as the test specimen. 

To increase the wetting of the test specimen by the test 
substance, the former may be perforated. 

NOTE — The radius r of the segment of a circular arc of height h and 
chord length s is given by the equation 



52 h_ 



5.2 Clamps, nnade from chemical-resistant material. Clamp 
the test specimen lightly; the contact between the test 
specimen and the former need not extend to the clamps, but 
shall extend over that length of test specimen which will be 
most highly stressed In the subsequent mechanical test. In no 
case shall the contact region {measured in the direction of the 
length of the test specimen) be less than 10 times the specimen 
thickness. 



5.3 Vessels, Carefully cleaned glass containers with well fit- 
ting lids suitable for holding the mounted test specimens anc 
the test environment. Other vessels are suitable when there is 
no interaction between their material and the test specimens 01 
test environment. When the contact between the tes 
specimens and the test media takes place under other con 
ditions such as in a vapour or under a water spray, this fac 
shall be reported. 



(See note 1) 



Table — Suggested indicative properties and failure criteria 



Designation 


Indicative property 


International 
Standard 


Criterion of failure 


Al 


State of surface 

(assessed by visual examination) 


- 


Cracks or crazes around the 
extended edges 


A2 


State of surface 

(assessed by visual examination! 


- 


Cracks or crazes in the 
extended surface 


A3 


State of surface 

(assessed by visual examination) 


- 


Any other observations; change 
in colour and appearance e.g. 


B 1 


Tensile stress at rupture 


ISO 527 


80 % of the value obtained 
on unprestrained unexposed 
test specimens 


82 


Flexural stress at maximum load 


ISO 178 


80 % of the value obtained 
on unprestrained unexposed 
test specimens 


B3 


Percentage elongation at break 


ISO 527 


50 % of the value obtained 
on unprestrained unexposed 
test specimens 


84 


Charpy impact strength 
unnotched 


ISO 179 


50 % of the value obtained 
on unprestrained unexposed 
test specimens 


85 


Tensile impact strength 


See note 2 


50 % of the value obtained 
on unprestrained unexposed 
test specimens 


86 


Any other property agreed upon 


- 


To be agreed 



NOTES 

1 The state of the test specimens, the indicative property and the criterion of failure shall be selected with a 
view to the practical service conditions. 

2 This question is under study. 
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5.4 Test environments, when applicable, these shall be of 
analytical quality. When technical-grade media are used, they 
shall be of agreed origin and quality and care shall be taken that 
only one manufacturing batch is used for all measurements in 
any one series. 

NOTE — During long exposures and especially at elevated 
temperatures, the nature and composition of the test environment may 
change. This has to be taken into consideration. It may be necessary to 
agree on renewal after specified periods. 



tioned for 48 h in the atmosphere 23 ± 2 *'C and 
(50 ± 5) % R.H. (ISO 291) before exposure to the test and 
reference environments. 



7.2 Test atmosphere 

Unless otherwise agreed between the interested parties, the 
indicative property shall be determined In the atmosphere 
23 ± 2 ^C and (50 ± 5) % R.H. (ISO 291). 



5.5 Micrometer, calibrated to determine the thickness of 
the test specimens to 0,01 mm. 



8 Procedure 



5.6 Apparatus to determine the indicative property 

(See 8.6.) 

6 Test specimens 



8.1 Precautions 

During all stages of testing, the test specimens shall be pro- 
tected from all deleterious gases, vapours or liquids (other than 
the test environment), strong light and direct contact with the 
human skin. 



&.1 Form and dimensions 

These shall comply with the requirements of the relevant 
material standard. When no material standard exists, the form 
and dimensions shall be in accordance with the test method 
standard. 

NOTE — If the test specimens are machined from sheets or articles, 
their thickness shall be the thickness of the sheet or articles. This shall 
be reported, together with the original location in the sheet or article. 



6.2 State 

For amorphous thermoplastics this shall be determined accor- 
ding to ISO 2557 on five replicates. For partially crystalline ther- 
ntoplastics and for thermosetting materials, the moulding con- 
ditions shall be reported. 

To obtain comparable results, the test specimens used shall 
have the same dimensions, state, mode of preparation and age. 
When cut or machined (ISO 2818) from sheet or articles, they 
shall be cut from corresponding places and in corresponding 
directions. Cut edges shall have a clean finish. 



6.3 Number 

For each prestrain value, at least 3 test specimens are required 
and for zero prestrain 5, unless different numbers are pre- 
scribed in the material or testing standard. 



7 Conditioning and testing atmospheres 



7.1 Conditioning atmosphere 

Unless othenA^ise agreed between the interested parties (e.g. 
for polyamides and ABS), the test specimens shall be condf- 



8.2 Temperatures 

During exposure of the prestained specimens to the test 
environment, the prestrain temperature shall normally be 
23 ± 2 °C. Additionafly, 40 ± 2 *^C or 55 ± 2 *^C or other 
specified temperatures may be used. During storage in the 
reference environment (normally air), the same temperature 
shall be used. 



8.3 Mounting the test specimens 

Clamp the cleaned test specimens to the formers, starting with 
zero strain and ending with the former having the smallest 
radius. 

NOTE — Care should be taken to handle only the ends of the test 
specimens. If the test specimens are not clean, they should be cleaned 
before mounting with a liquid that has no effect on them. 



8.4 Contact with test environment 

Immediately after the specimens are mounted, place them in 
contact with the test environment. 

Contact with liquids or gases is established by immersion. 
Pastes shall be carefully spread to a depth of 2 to 4 mm over the 
exposed surfaces of the test specimens. Solids, such as elasto- 
mers or ptasticized sheet, shall be laid on the surface of the test 
specimen and sandwiched between this and a second test 
specimen. This ensures that the contact is established under a 
definite pressure (see figure 2). 



8.5 Storage in contact with the test environment 

8.5.1 Short-time test 

Keep the mounted test specimens in contact with the test 
medium for 22 to 24 h. 
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8.5.2 Long-term test 

Keep the mounted test specimens in contact with the test 
medium for an agreed period, or until a further increase of the 
period is no longer accompanied by a change of the Indicative 
property concerned. 

NOTES 

1 A preHminary test may be carried out with only one test specimen 
for each prestrain va^ue to locate the failure strain. Equal numbers of 
prestrain fev^ls on either side of this failure strain should then be used. 

2 For most practical purposes a strain period of 1 000 h is adequate. 

3 If due to the influence of the test medium, the test specimen lifts off 
at the centre or warps, open the c(amps and reclamp the test specimen 
so that its central part is in contact with the former. If this is not poss- 
ible, carry out a new test. 



8.6 Determination of the indicative property 

Make the determination in accordance With the materia! stan- 
dard or, If none exists, with the test method standard, except 
that any conditioning clauses shall be ignored and the following 
procedure substituted. 

Aft^ the agreed prestrain time, observe the test specimen 
visually. When the test medium is a solid, discard it and the 
covering test specimen (see figure 2). 



Demount the test specimen from the former and determine the 
indicative property, starting with test specimens with the 
lowest prestrain. Do not remove the residual test substance 
when this is a liquid that does not drain from the surface. 

Determine the Indicative property as soon as possible after de- 
mounting the specimen in the short-time test and within 22 to 
24 h after demounting in the long-term test. 

In the flexural or Charpy tests the surface of the test specimen 
that was not in contact with the former shall be laid on the sup- 
ports. 

NOTE — If there is no rpaterial standard, use the following test con- 
ditions : 

— flexural test (ISO 178): flexural stress at maximum load; 

— tensile test (ISO 527) : tensile stress at rupture, 
V = 50 mm/min. 



9 Expression of results 

9.1 Calculation 

Calculate the arithmetic mean value of the indicative property 
for each prestrain value. 




Clamps 

Covering test specimen 

PVC sheet containinQ plasticlzer 

Test specimen 
Former 



Figure 2 — Example of sandwiched test specimen 
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9.2 Graphical evaluation 

Plot each mean value in a diagram with the prestrain as 
abscissa and the value of the indicative property as ordinate. 
Draw a smooth curve through them and interpolate the failure 
strain (see figure 3). 



TO Test report 

The test report shall include the following information: 

a) reference to this International Standard; 

b) complete identification of the material; 

cl type, number and dimensions of test specimens; 

d) state of the test specimens; 

e) method of cleaning specimens; 

f) procedures of conditioning and/or annealing; 

g) nature of test environment and reference environment; 



h) duration and temperature of exposure to test environ- 
ment and reference environment; 

j) indicative property and its method of determination; 

k) failure criterion; 

m) individual and mean values of the indicative property; 

n) graphical display of results; 

p) failure strain; 

q) relative strain factor, if a reference environment has 
been used; 

r) visual observations (changes in colour, crazing, swell- 
ing, gloss); 

s) any other observations; 

tl deviations from the conditions prescribed in this Inter- 
national Standard. 



Indicative property 



Failure cnterion 




Prestrain e^ 



Figure 3 — Graphical evaluation of test results 
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International Standard 

ISO 2557-2: 1986 
Plastics — Amorphous 
thermoplastics prepara- 
tion of test specimens 
with a specified reversion 

— Part 2 : Plates 

ISO 2818: 1994 Plastics 

— Preparation of test 
specimens by machining 



Conesponding Indian Standard 

IS 13360 ( Part 2/Sec 7 ) : 1992 Methods 
of testing plastics : Part 2 Sampling and 
preparation of test specimens, Section 7 
Preparation of test specimens with a 
specified reversion— Amorphouslhermo- 
plastics : Plates 

IS 13360 ( Part 2/'Sec 4) : 1992 Plastics 
— Methods of testing : Part 2 Sampling 
and preparation of test specimens, 
Section 4 Preparation of test specimens 
by machining 

Nil 



Degree of Equivalence 

Technically 
Equivalent 



Not technically equivalent in 
all respects. However, this 
Indian Standard is being 
revised to align it with ISO 
standard 



ISO 4600: 1992 Plastics 

— Determination of envi- 
ronmental stress crack- 
ing (ESC) — Ball orpin 
impression method 

ISO 6252 : 1 992 Plastics Nil — 

— Determination of 
environmental stress 
cracking (ESC) — Const- 
ant tensile — Stress 
method 

In the case of ISO 2557-1, ISO 4600 and ISO 6252, the technical committee responsible for the preparation 
of this standard has reviewed its contents and has decided that they are acceptable for use in conjunction 
with this standard. 

For tropical countries like India, the standard temperature and the relative humidity shall be taken as 
27 ± 2*C and 65 ± 5 percent respectively. 

In reporting the results of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 'Rules for 
rounding off numerical values ( revised )'. 
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